Tea colour determination during fermentation is a vital problem in the tea industries. The human experts have been traditionally measuring change of colour during fermentation by picking up some amount and observing the colour by eye approximation. Methods are also available for analyzing the formation of colour constituents during fermentation. Another method uses colorimeter for determining the colour during fermentation. These methods are invasive and needs frequent touching, contacting and collecting samples for chemical analysis. They destroy the quality and quantity of tea, disturb the environment created for fermentation in the fermenting room and make the measurement unhygienic. A nondestructive imaging technique has been developed, which is able to monitor the colour of the tea during fermentation with the help of a digital camera. The paper describes the imaging setup, colour matching algorithm and comparison of the results with conventional manual methods.
Introduction
The human experts since the beginning of the tea industry have been traditionally measuring tea colour and flavour to detect the optimum fermenting condition. They use visual inspection and smelling or tasting method which is purely subjective, invasive, time consuming and inexact due to various reasons such as individual variability, adaptation, fatigue, infection, mental state etc. In the manufacturing process of black tea the leaves are processed through a number of stages, viz., (i) Withering, (ii) Rolling and cutting, (iii) Fermenting, (iv) Drying and (v) Sorting. The traditional method of fermenting is spreading the leaves in a polished floor at a given thickness in a relatively cool ventilated but moist room. The fermenting time varies from 1hour to 3 hours. The optimum temperature is about 85 0 F to 90 0 F, with a hygrometry difference not exceeding 2 0 F. Oxidation of the catechins results in the formation of two groups of coloury compounds, the theaflavins (TF) and the thearubigins (TR), which together imparts to tea liquor its characteristic colour and taste (1) . At some optimum condition of tea fermentation, the colour of the tea changes from green to deep coppery red (2 ) . If the completion of the fermentation is not timely detected, over-fermentation or under-fermentation will lead to loss of quality. Once the colour at the optimum fermentation condition is detected the tea must be dried in a next processing stage. This paper describes the use of machine vision by imaging for monitoring colour of tea under fermentation by extracting visual features measured from fermented tea images.
Objective
Presently the completion of fermentation process is judged by human eye approximation. Therefore researchers tried to implement chemical tests, developed at Tea Research Station, Tocklai, Assam, India, to ascertain optimum fermentation conditions. This method is now in use in various tea factories in different parts of the world. In the first procedure, the maximum depth of colour is calculated by measuring the intensity of colour. The optical density of the sample solution (made from 5 gm of representative sample of the fermenting leaf with boiled distilled water) is measured in a colorimeter at 700 nm against the blank (made of phenol reagent mixed with sodium carbonate solution diluted in distilled water). In the second procedure, maximum depth of colour i.e., optical density of the solution (ethyl acetate extract of the 5 gms of a representative sample of the fermenting leaf mixed with boiled distilled water) is measured in a colorimeter at 460 nm against water as a blank.
The manual methods of optimum fermentation condition detection, as mentioned earlier destroy the quality and quantity of tea, disturbs the environment created for fermentation in the fermenting room viz., temperature, humidity, oxygen content in air etc. Constant intervention of human in the fermenting room is unhygienic also. Hence these techniques lead to destruction of the fermenting setup and conditions. Therefore an attempt is made in this paper to describe a non destructive testing method of tea fermentation process by colour matching using imaging technique, which is be able to detect the optimum fermentation condition correctly and timely. HSI (Hue, Saturation and Intensity) colour model has been used for the colour matching algorithm, while the digital camera captures the signal and it is converted to (Red), G (Green), and B (Blue) colour model by an image processing add-on card. Experiments have been carried out using histogram comparison method to discriminate between two coloured images of tea under fermentation.
Experimental Setup
A CCD camera captures coloured image of the fermenting tea leaves and a signal conditioner digitizes the signals. An image capturing card interfaced to a computer retrieves the images from the signal conditioner for image processing. The imaging experimental setup is shown if Fig. 1 . The digital camera is mounted over the tea spread over the fermentation floor. The camera is mounted over the surface of the tea and manually focussed at a distance of about 31 cm to get the highest clarity of pictures. The images were captured at ambient light and no separate uniform illuminating condition was necessary for this purpose. A photographic view of the imaging setup for the purpose of experiment in fermenting floor of a tea factory is shown in Fig.2 .
Some standard images of ideal fermenting conditions as well as non-fermented and over fermented are stored in an image database and the captured images are matched with them. These are the standard colors. Now the captured images are matched with those standard images from the database. Various coloured image-matching techniques have so far been developed (3) (4) (5) (6) .With reference to those standard techniques a colour-matching technique is developed for our application.
Image representation
The captured images are stored in 'bitmap' format and are compressed in standard JPEG format for saving memory space required as well as to attain quick processing. The image can be quantized into a number of pixels representing the intensity at that level and each pixel can be assigned with an integer value with maximum possible value of 255 and minimum of 0.
For representing a colour image, RGB model is most common, where three colour spaces R,G and B represent the image. HSI model is considered here for its illumination invariance property. The usefulness of this model range from the design of imaging systems for automatically determining the ripeness of fruits and vegetables, to systems for matching colour samples or inspecting the quality of finished colour goods (7) . In this model the colour information of an image solely resides in the H plane, the pixel value of which varies from 0 o to 360 o corresponding to colour bands Red through Green to Blue. Since the image capturing and processing system converts the images into RGB model, a conversion operation from RGB to hue (H) plane has been performed using the equation (7) If B>G however, H=360 o -H After conversion of the RGB model to H plane, an algorithm is employed to match two coloured images.
Colour matching algorithm
By definition a colour histogram is a vector where each entry stores the number of pixels of a given colour in the image. H space of the HSI model can be related to histogram containing maximum of 360 o and minimum of 0 o pixel value. Histogram axes are partitioned uniformly with fixed intervals called bins. After plotting the histograms for the hue angles of an input image corresponding histogram comparison for the hue angles is needed for colour matching with the standard image. As the pixel densities in histogram representation are considered in the bin form, vector distances such as Euclidean and L1 (Manhattan) norms used to quantify the similarity of two colours as numerical vectors represent them.
The similarity measurement is considered on the basis of histogram intersection between the input and the standard image. Swain and Ballard (8) in 1991 introduced this histogram intersection method as a measure of histogram dissimilarity. Given a pair of histograms, H(I) and H(Q), of input image I and the standard image Q respectively, each T the dissimilarity intersection as the Manhattan norm (L1) is as follows-
N h j (I) h j (Q) D{H(I), H(Q)}
where N I xM I is the image size. For a given distance T, two histograms are said to be similar if S ≥ T or D ≤ T, and the images can said to be of the same colour.
Histogram dissimilarity determination technique has every freedom to fit it to a specific application in respect of fixing the bin size. Since the fermented tea colour at the optimum condition is deep coppery red, the Hue angles lie nearby to 0 o in both sides in the Hue angle space(The 0 o is fixed for pure red). Therefore, in our application images of the tea under fermentation fall with pixel value of 0 o to 120 o and 290 o to 360 o in the Hue angle space. The pixel values in the range 120 o < h j <289 o are not applicable to our images which corresponds to only the colour band green, blue and other adjacent colours only. The dissimilarity measurement test is conducted for the said pixel range only to reduce computational complexity and execution time. One of the captured image at optimum
fermenting condition is shown in Fig. 3(a) . The histogram of the hue(H) space for this image is shown in Fig. 3(b) , while Fig.3(c) shows the histogram for an image at the beginning of the fermentation process. 
Results and conclusion
Images of fermented tea were captured in a Tea Factory (Noor-Bari Tea Estate, Tezpur, India) in ten fermenting batches of CTC tea at every 5min interval. For generating the database, all the ten images at optimum fermenting conditions on the basis of the sensory panel decision with standard quality descriptors of tea industry were selected as the standard images. Dissimilarity pixel values (DPV) between these ten standard images were calculated and a maximum threshold DPV was determined. The threshold DPV thus determined was considered to discriminate between the test and the standard images. The matching results of 10 sample images are produced in Table I . The dissimilarity threshold pixel value is found as 1.1992 corresponding to images 2 and 6. Hence the dissimilarity between the input image has been conducted with both of the two extreme images 2 and 6. 
